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Abstract
Background: LASER is an acronym which stands for light amplification by stimulated 
emission of radiation. The laser technology has emerged from hospital operating rooms 
and has become available to office practices, clinics, and private enterprises; the burden of 
responsibility for safety has shifted from hospital staff to the individual user, often without 
benefit of appropriate or adequate resources. This review documents on various dental laser 
hazards that can arise due to improper use of instruments, direct exposure to laser energy. 
The detail of laser safety and role of individual involved in it has been discussed in this review. 
Aim: The aim of this study was to collect articles related to the hazardous effects and safety 
measures of lasers in dentistry. To access the related available articles, an electronic search 
was performed on several websites, including PubMed, GoogleScholar, ScienceDirect, 
InterScience, and Scopus. According to the results of collected papers, there are various laser 
hazards, which could be harmful to individual and can lead to potential damage of human 
body. Hence, dental laser safety is an important part of laser dentistry. The laser produces 
an intense, highly directional beam of light. The most common cause of laser-induced tissue 
damage is thermal in nature, where the tissue proteins are denatured due to the temperature 
rise following absorption of laser energy. Conclusion: Of all hazards, complacency is the 
most dangerous, and it is imperative to develop a risk management perspective on laser safety. 
Clinical Significance: Proper safety management requires a four-fold approach including: 
Knowledge of standards, identification of hazards and risks, implementation of appropriate 
control measures, and consistent program audit to demonstrate quality assurance.
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Introduction
Dentistry is unique field in the profession of health-care industry 
where most of the dental surgeons work as solo practitioners 
in private office settings. For the most part, their use of lasers is 
not monitored. Whereas, within the medical community, laser 
use is more strictly controlled by institutional review boards, 
credentialing, and hospital surgical privilege committees. 
Furthermore, the level of training and experience of the dental 
staff is generally far less than that of the laser surgical nurse or 
hospital laser safety officer (LSO).
Laser Hazards
There are various laser hazards which can be classified in various 
categories, which could be harmful to individual and can lead to 
potential damage of human body.
According to Walsh, based on potential hazards, laser can be 
classified into I, II, IIIA, IIIB, and IV [Table 1].
According to American National Standards Institute (ANSI) 
and Occupational Safety and Health Administration (OHSA) 
[Table 2].
According to the Center for Devices and Radiological Health 
(CDRH) and ANSI system of classification, class IV lasers are 
defined as those devices that pose a biologic hazard from either 
direct or diffuse reflection. In general, any laser capable of 
emitting power >500-mW continuous wave output belongs in 
this class.[1]
Dental lasers belong to category IV which is the most 
hazardous of all the lasers. According to Miserendino et al. 
(1995), the types of hazards that can be encountered within the 
clinical practice of dentistry are grouped as follows:
i. Ocular injury
ii. Tissue damage
iii. Respiratory hazards
iv. Fire and explosion
v. Electrical shock.
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Ocular injury/hazards
Potential injury to the eye can occur either by direct emission 
from the laser or by reflection from a specular (mirror-like) 
surface. According to Miserendino et al. (1995), dental 
instruments have been capable of producing reflections that may 
result in tissue damage to both operator and patient.[2]
Sosis recommended the use of carbonized or non-reflective 
instruments has been recommended during laser treatment by 
some authorities.
The primary ocular injury that may result from a laser accident 
is a retinal or corneal burn. This is possible with emission in the 
visible (400-780 nm) and infrared (780-1400) spectral regions. 
Direct and specular reflections of relatively low intensity are 
capable of causing retinal damage because of the focusing effect 
of the lens and cornea.
Due to focusing effect, incident radiation passing through the 
pupil may be increased up to 100,000 times at the retina due to 
the focusing action of the eye (Laser Institute of America, 1993).
To prevent the ocular injury, exposure can be given at short 
pulses. However, even then, there could be adverse effect; 
hence for eye protection, protective laser spectacles have been 
recommended.
Damage to the sclera, corneal surface can occur from 
exposure to radiant energy within the far ultraviolet (<300 nm) 
and far infrared (>7000 nm) ranges.[3]
The following table has been referred from ANSI Z-136.3, 
which compares the various wavelengths and their maximum 
permissible exposure limits [Table 3].
Tissue hazards
The tissue hazards could be of two types of reactions, thermal 
interaction and non-thermal interactions.
1. Thermal interactions
 Laser-induced damage to skin and other non-target 
tissue can result from the thermal interaction of energy 
with tissue proteins. Temperature elevations of 21°C 
or above normal body temperature (37°C) can lead to 
cell destruction by denaturation of cellular enzymes and 
structural proteins. Exposures of 1 s or more than that can 
lead to vascular perfusion and leads to thermal diffusion of 
heat energy within the tissue. In case of wavelength more 
than 400 nm, there could be thermal coagulation necrosis.
2. Non-thermal tissue interaction
 It induces tissue injury by photochemical and photoacoustic 
mechanism. This type of interaction is most likely to occur 
with single or repetitive pulses of very short duration (<10 s). 
It can cause radiant exposures within the ultraviolet spectrum 
such as those with excimer lasers.
Hence, laser-induced tissue injury is primarily dependent 
on the extent of absorption of radiation by tissue. However, it 
is important to know that there are certain factors that affect the 
extent of laser tissue interaction such as 
(1) the relative amount of absorption, transmission, and 
scatter of the particular wavelength, (2) the pulse duration and 
pulse repetition rate, (3) the level of radiant exposure (energy 
density or exposure dose), and (4) the relative degree of 
vascularity of the tissue.
During ablation of oral tissue with the carbon dioxide 
laser a carbonized layer of tissue residue, or char layer forms 
on the surface. This carbon material is a strong absorber of 
laser wavelength. It acts as a heat sink that transfers energy to 
surrounding tissues.
Mode of delivery of laser wavelength is an important factor to 
induce nature of interaction. Lasers such as neodymium: yttrium-
aluminum-garnet (Nd:YAG) with non-contact system will 
produce different effect with more penetration into deeper 
structures as compared to that of a contact tip laser scalpel.[4]
Environmental hazards
Miserendino et al. (1995) described another type of hazards 
which involves the inhalation of airborne biohazards materials 
that is released during surgical procedure of laser.
Table 1: Classification of laser based on hazards[1]
Class Risk Example
I Fully enclosed system Nd:YAG laser welding system used in a dental laboratory
II Visible low power laser protected by the blink reflex Visible red arming beam of a surgical laser
IIIa Visible laser above I milliwatt No dental examples
IIIb Higher‑power laser unit which may or may not be visible. Direct viewing 
hazardous to the eyes
Low‑power diode laser used for biostimulation
IV Damage to eyes and skin possible, direct or indirect viewing hazardous 
to the eyes
All lasers used for oral surgery, whitening, and cavity preparation
Table 2: Classification of laser hazards according to ANSI and 
OHSA standards[2]
Class Description
I Low‑powered lasers that are safe to view
IIA Low‑powered visible lasers that are hazardous only when 
viewed directly for longer time (>1000 s)
IIB Low‑powered visible lasers that are hazardous when viewed for 
longer than 0.25 s
IIIA Medium‑powered lasers or systems that are normally not 
hazardous if viewed for <0.25 s without magnifying optics
IIIB Medium‑powered lasers (0.5 W maximum) that can be 
hazardous if viewed directly
IV High‑powered lasers (>0.5 W) that produce ocular, skin, and 
fire hazards
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These types of hazards are sometimes referred as non-beam 
hazards as they do not cause tissue injury from direct exposure to 
the laser beam. Inhaled air borne contaminants can be emitted 
in the form of smoke or plume generated through the thermal 
interaction of surgical lasers.
It is important to know that most surgical lasers used in 
dentistry are capable of smoke generation, toxic gases, and 
chemicals which are more common hazard in dental research 
(e.g., excimer laser).
During ablation or incision of oral soft tissue, cellular products 
are vaporized due to the rapid heating of the liquid components 
in the tissue. In the process, extremely small fragments of 
carbonized, partially carbonized, and relatively intact tissue 
elements are violently projected into the area, creating airborne 
contaminants that are observed clinically as smoke or what is 
commonly called the laser plume.
Baggish et al. stated that inhalation of such material is 
hazardous to patients and operating room. Some of the chemical 
found in laser plume after soft tissue vaporization are as follows 
[Table 4].
The extent of plume generation depends on the absorption of 
various wavelengths by the target tissue. The greatest producers 
of smoke are the carbon dioxide and erbium lasers, and then, 
Nd:YAG laser. Carbon dioxide and erbium: yttrium-aluminum-
garnet (Er:YAG) lasers have high-coefficient absorption because 
of the high-water content of oral tissue.[5]
Combustion hazards
Flammable materials while using laser can play significant role to 
cause this kind of hazards. Flammable solids, liquids, and gases 
used within the surgical setting can be easily ignited if exposed 
to the laser beam.
Here, nitrous oxide is generally considered as non-flammable 
material but will support combustion.[6,7] Sosis did not 
recommend it in laser surgery.
Electrical hazards
According to Miserendino et al. (1995), class IV lasers need high 
currents and high voltage power supplies. They subgrouped 
electrical hazards of lasers as electrical shock hazards, electrical 
fire hazards, or explosion hazards. Laser system may get exposed 
to conductive liquids that may contribute to an electrical 
hazard.[8]
Laser Safety
Safety is an important and an integral part of any device or 
instrument before use. When we evaluate product such as dental 
laser for its use in patient, we must consider its safety before 
its use along with its effectiveness and efficacy. Safety of laser 
involves assessing the final result in terms of preoperative stage 
and evaluating it for any permanent, undesired damage to tissue, 
body along with clinical benefit. Here, risk-benefit ratio should 
be small and device should be more beneficial to patient.[9]
According to Piccione, three factors are important to laser 
safety.
1. The manufacturing process of the instrument
2. Proper operation of the device
3. The personal protection of the surgical team and the 
patient.[10]
For safety of laser device and its practice, regulatory agencies 
play an important role. The United States has four major 
organization and agencies which form regulations and rules for 
safety of laser system. They are the ANSI; the Food and Drug 
Table 3: Ocular exposure limits (in seconds) for common lasers based on ANSI and OSHA standards[2]
Laser type Wavelength  (µm) MPE limits  (W/cm2)
0.25 s 10 s 600 s 3×104 s
CO2 10.6 ‑ 1×10−1 ‑ 1×10−2
Nd:YAG (Cw) 1.064 ‑ 5.1×10−6 ‑ 1.6×10−3
Nd:YAG (Q‑switched) 1.064 ‑ 1.7×10−6 ‑ 2.3×10−6
HeNe 0.633 2.5×10−3 ‑ 2.93×10−4 1.76×0−5
Argon 0.514 2.5×10−3 1.67×10−5 1.0×10−6
Excimer (XeCl) 0.308 ‑ ‑ ‑ 1.3×10−6
Excimer (XeFl) 0.351 ‑ ‑ ‑ 3.33×10−6
Excimer (ArFl) 0.193 ‑ ‑ ‑ 1.0×10−7
Holmium 1.9‑2.2 ‑ 1.0×10−1 ‑ 1×10−2
Diodes (GaAs) 0.840 ‑ 1.9×10−3 ‑ 6.1×10−4
MPE: Maximum permissible exposure
Table 4: Chemical found in laser plume
Laser plume chemicals
Water Carbon dioxide
Formaldehyde Benzene
Acrolein Methane
Cyanates Acetone
Cyclohexane Toluene
Fatty acid esters Alkanes
Xylene Acetaldehyde
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Administration (FDA) and its regulatory bureau, the CDRH 
and the OHSA. The United States has 510(k) clearance for 
marketing through the U.S. FDA.
The FDA through the CDRH regulates the laser manufacturer 
and ensures compliance with medical device legislation. FDA 
clearance provides laser companies and manufacturer to 
enter the marketplace and market their products which are 
competitive and performs similar to those products which are 
already in market. Of course, this clearance from FDA requires 
undergoing multiple testing and demonstration regarding safety 
and efficacy.[11-14]
LSO
According to ANSI (2000), an LSO is defined as a designated, 
trained person who directs laser safety practices and ensures a 
safe environment while a laser is in use.
Piccione has discussed about various responsibilities about 
LSO which were adopted from department of labor, OHSA, the 
United States.
They are:
1. If the safety procedure has not been followed or safety 
standards have not been maintained, LSO should shut down 
the laser operation.
2. The LSO must ensure that the “laser in use” sign is posted 
in a highly visible area to limit the access of others into the 
treatment room. The sign should include danger logo; 
indicate visible or invisible laser light and its type.
3. He should not allow anyone around the surgical field without 
protective eye wear.
4. The LSO should be familiar with the operator’s manual 
and safety procedures including the manufacturer’s 
recommendations for maintenance, documentation of it, and 
adverse effects of laser device.
5. An LSO should be aware of safety control measures associated 
with specific instruments. These responsibilities include the 
assembly and operation of the laser delivery system.
6. The LSO must inspect the fiber end or glass tip before 
procedure. A bare fiber must have an adequate cleave and 
rigid glass tip should be flat. When aiming beam is on, a 
round red or white circle should be seen. Any irregularities in 
shape indicates fault in cleave or tip is flawed which should be 
changed to allow maximum energy.
7. The LSO must ensure that high volume evacuation is present 
all time to eliminate bad odor. High-volume evacuation can 
act as a cooling agent by allowing air across surgical site.[15-17]
Laser safety/control measures
Environmental control measures
Miserendino et al. (1995) emphasized on certain aspects which 
need to be considered for establishment of adequate control 
measures for the particular laser application. They are:
1. The physical environment in which the laser is used
2. The potential for injury to direct exposure from the laser 
beam output
3. Person who may use or get exposed to laser system should 
have thorough knowledge about the system being used and 
its safety criteria.
Preferably, if possible laser should be used in controlled areas 
with restricted access. Laser protective curtain should be used to 
prevent accidental exposure. Failsafe mechanisms that prohibit 
the laser from firing when doors are opened are also helpful to 
prevent accidental exposure to persons entering the operating 
room during laser procedures.
This helps in preventing potential hazards from airborne 
contaminants, fire and electrical, and explosion hazards in laser 
operatory area.[18]
Fire and electrical control measures
To avoid electrical hazard during laser operation, floor of the 
operatory room should be kept dry. As we know, laser generates 
heat, hence care should be taken to avoid the use of flammable 
or explosive liquids or gases in the operation theater. Certain 
combustible materials can be ignited by exposure to the laser 
beam.
Eye protection
According to Piccione, the concept of eye protection during 
activation of laser was developed way back in 1962 with the 
development of ruby laser. It is believed that lasers produce light 
is absorbed if beam is reflected or directed on an object.[19]
Sliney stated that eye is critical target tissue during activation 
of laser. Light or energy which is produced by laser system can 
lead to ocular damage if viewed directly or due to reflection of 
the beam. Hence, people who are present within operating room 
including patient should wear adequate eye protection.
Use of correct eyewear is very important as different 
wavelength of laser can damage various parts of unprotected 
eyes. Cornea of eye consists of water and absorbs wavelengths of 
carbon dioxide, Er:YAG, erbium, chromium-yttrium-scandium-
gallium garnet (Er, Cr: YSG) and holmium:YAG (Ho:YAG).[20]
Piccione believed that the erbium and holmium lasers can 
affect lens of the eye. He reviewed that retinal damage can occur 
with laser system with short wavelengths and deeper penetration. 
This includes argon, helium-neon, diode, and Nd:YAG. This can 
be provided by safety goggles or screening devices and should 
be designed specifically for use with the particular wavelength of 
laser radiation.
Several factors should be considered while selecting eye 
wear. These include wavelength of laser emission, maximum 
permissible exposure limits, degradation of the absorbing media, 
and optical density of the eyewear, radiant exposure limits, need 
for corrective lenses, multiple wavelength requirements, and 
restriction of peripheral vision, comfort and fit.
Optical density is an important factor to be considered. For 
laser protective eye glasses and eyewear filters are specified 
according to optical density.
According to Sliney, protective glasses must have an optical 
density of at least four for the specific laser emission and device.[20]
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Control measures for airborne contaminants
The airborne contaminants are smoke or vapor generated from 
surgical site is of special concern. It is also known as laser plume. 
It is believed that the exposure to carbon dioxide laser smoke can 
affect the respiratory system. Miserendino et al. (1995) stated 
that airborne contaminants can be controlled by ventilation, 
evacuation, or various methods of respiratory protection. Laser 
surgery in oral cavity needs good evacuation of the plume. They 
recommended evacuation of airborne contaminants as close as 
possible from the surgical point or origin. Sufficient suction in 
surgical field should be maintained, especially in pathological 
condition with etiology of viral infection to limit the possibility 
of spreading virus through laser plume.
The evacuation system should be able to remove smallest 
size of particles and filter in system should be changed regularly 
as per manufacturer’s instruction to improve efficiency. Surgical 
staff must wear mask during laser activation.[21]
Conclusion
Since, the invention of lasers, it was recognized that it could 
be potentially dangerous to oral tissues and human body. 
Today, even low power laser with only a few milliwatt of output 
power can be hazardous to human eyesight. When it comes to 
establish safety measures against laser system, there should not 
be any compromise. An attempt has been made in this chapter 
to provide information and guidelines for laser safety which is 
required to know before operation laser system. At glance, it 
may look overwhelming but it may become part of daily routine 
during laser procedures. A complete safety protocol and it 
is maintenance will be appreciated by patients also and can 
increase awareness and can help building patients confidence in 
this new technology.
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